INTRODUCTION
============

In 2017, Korea became an aged society since the elderly population aged 65 and over exceeded 15% of the total population 2025.\[[@B1][@B2]\] According to the Health Insurance Review and Assessment Service\'s report in 2011, osteoporotic fractures have increased by 4% annually among people over 50 years of age, and hip fractures, one of the major causes of elderly mortality, have increased 4-fold in comparison to a decade ago.\[[@B3]\] The report pointed out the seriousness of osteoporotic fractures in the elderly by emphasizing that the social cost was estimated to be more than 1 trillion Korean won.\[[@B2]\]

Since Korea is expected to become an ultra-aged society, in which the elderly population accounts for more than 20% of the total population, after 2025,\[[@B2]\] the social costs due to osteoporotic fractures are expected to increase. However, considering the limited resources for healthcare, it is inevitable to consider the priority of diseases for efficient resource allocation. The high priority of a particular disease for resource allocation means that the disease is highly burdensome to society. Therefore, it is important to study the burden of diseases. Global burden of disease (GBD) studies have been conducted by the World Health Organization (WHO) and a GBD study group (<http://www.who.int/healthinfo/global_burden_disease/about/en/>) for the last 20 years.

GBD is expressed using Disability-Adjusted Life-Years (DALY), which are constructed using Years of Life Lost and Years Lost Due to Disability following various epidemiological and demographic indicators to comprehensively measure and compare the burden of disease.\[[@B4]\] To calculate Years Lost Due to Disability, it is necessary to have disability weights (DWs) for the specific health status.

Some researchers argued that we should reflect societal judgments of the value of different diseases rather than individual judgments of the disutility of the disease.\[[@B5][@B6]\] In 1996, the GBD team designed and used person trade-off (PTO) methodology.\[[@B7]\] Through the calculation of disease specific disutility, we can measure the population mean preference value for particular health status. And this weighting is multiplied by the number of years lived in that health status and added to the number of years lost due to that disease. Namely, the burden of disease is affected by disutility.

Fortunately, there have been many studies measuring DALY in a Korean context. Yoon et al.\[[@B8]\] studied GBD on smoking. Lee et al.\[[@B9]\] conducted a study on the priority of chronic degenerative diseases and injuries. Jo et al.\[[@B10]\] and Lee \[[@B11]\] investigated the burden of diseases on alcohol drinking. Studies on global burden of mental diseases, burden of diseases among the elderly, burden of COPD, and burden of enteritis due to climate changes were also conducted in a Korean context by Park et al.,\[[@B12]\] Lee and Kwon,\[[@B13]\] Kim,\[[@B14]\] and Shin et al.,\[[@B15]\] respectively. However, these studies employed the WHO\'s DW for the examined diseases and did not directly measure them \[[@B9][@B10][@B11][@B12][@B13][@B14][@B15]\] in a Korean population. In addition, some studies attempted to measure DWs applying to similar disease category as in the WHO\'s GBD research among Korean populations. As GBD studies by the WHO did not specify osteoporosis and osteoporotic fractures for their disease classification system,\[[@B16][@B17]\] they omitted osteoporosis and osteoporotic fractures in the Korean studies.\[[@B18]\] Therefore, this study aimed to measure DWs of osteoporosis and osteoporotic fractures in Korea.

METHODS
=======

1. Panel participants
---------------------

Three clinical expertise panels of 33 experts were established, and face-to-face interviews were conducted from July to December 2017. In order to select panelists, first, we chose the clinical subdivision that most frequently diagnosed osteoporosis and osteoporotic fracture patients. And then, the panelists were recommended by the society of each clinical subdivision. Most of the panelists worked in university hospitals. Panel 1 had 13 orthopedic specialists working at university hospitals, Panel 2 had 10 endocrine physicians working at university hospitals, and Panel 3 had 10 emergency medical specialists. The 3 panels of experts were selected based on their expertise on osteoporosis and fractures as well as their frequency of treating these patients.

2. PTO
------

DW reflects the social values or preference inherent in each person making up the society.\[[@B15]\] However, as the severity of a disease is assessed differently from person to person, even in the same disease, standardization tools have been devised to measure and apply the values of different individuals\' social values. Typical tools include PTO, time trade-off (TTO), Visual Analog Scale, and Standard Gamble.

GBD was measured and compared using PTO by WHO and GBD groups.\[[@B16]\] The GBD group developed a disease classification system consisting of 107 diseases and injuries based on the International Classification of Diseases codes.\[[@B16][@B17]\] In the evaluation of the DW and its reliability in a Korean setting, Lee et al.\[[@B18]\] suggested a classification of 123 diseases and deliberately selected 16 index diseases to measure DW. However, none of the above studies considered osteoporosis and osteoporotic fractures.

The PTO method places the respondent in the position of a decision maker with a limited budget who must choose from among a series of alternative healthcare interventions.\[[@B19]\] Assuming that only 1 group between W persons in Health Status A and Z number of persons in Health Status B can be treated, and all treated individuals could survive until the same period after treatment, the point where W and Z become indifferent should be detected. This is expressed as follows:

The PTO technique was first devised by Patrick et al.\[[@B20]\] under the name of "equivalence of numbers technique". The term PTO was assigned by Nord.\[[@B7]\] It is a method that draws the individual valuation of given health status through a trade-off procedure, which is similar to the TTO technique.

The variables considered in PTO are, first, the number of people who will benefit from the selected health care intervention and, second, the health improvement that the selected health care intervention will bring. So far, most PTO studies \[[@B18][@B19][@B20][@B21][@B22]\] have been composed of representative valuations of the general population except for the WHO study in 2000 and a study by the Dutch DWs Group conducted in the Netherlands.\[[@B21]\]

3. DW measurements
------------------

The scenarios were developed to standardize the severity of 6 health statuses: osteoporosis and osteoporotic fractures including wrist, hip, post-hip, vertebral, and post-vertebral fracture. Through literature reviews, 6 standard health statuses were objectively described and confirmed by the orthopedic specialists on osteoporosis and fractures ([Supplementary Appendix 1](#S1){ref-type="supplementary-material"}). Compared to other fractures, vertebral and hip fractures still have difficulties in daily life and complete function recovery even after 6 months of fracture. Thus, vertebral and hip fractures were defined separately after 6 months of fracture. Except for post-vertebral and post-hip fracture, wrist, hip, vertebral fracture are short term case within 1 month after fracture.

Based on these 6 health statuses, the values were sought for PTO 1 and PTO 2.

PTO 1 was to obtain the number of N1 persons by assuming that N1 persons in each health status could match their 1 year of life extension to the equivalent life extension of 1,000 healthy persons. Thus, respondents were asked as decision-makers how many persons (N~1~) with osteoporosis---for example, living 1 year in their health status---are equivalent to 1,000 healthy persons living 1 year in healthy status. PTO 2 was to get the number of N~2~ persons who were completely cured from a certain health status and extend their life in perfect health by 1 year.

PTO 1 and PTO 2 were first recorded for 1 and 2 hr and revised after deliberation on the panel members\' explanations and discussions. Then, finalized values of PTO 1 and PTO 2 were presented. The PTO 1 and PTO 2 values for each of the 6 health statuses were assigned to the following formula to obtain the DW.

$$DisabilityWeight = 1 - \frac{\text{1000}}{\text{PTO1}} = \frac{1000}{\text{PTO2}}$$ \...\...\.... \[[@B22]\]

The consistency of PTO 1 and PTO 2 was emphasized in the GBD study.\[[@B23][@B24]\] However, Mansley and Elbasha \[[@B22]\] argued that it was difficult to meet the consistency of PTO 1 and 2 in practice and recommended asking only PTO 1 because there was a gap of social value for recovery. In this study, we examined both PTO 1 and 2 from 33 specialists, but only PTO 1 was used to derive the results; PTO 2 was used to identify consistency and provide opportunities for revision through discussion. However, as Mansley and Elbasha \[[@B22]\] asserted, it was very difficult to identify consistency. The PTO survey form used in this study can be found in [Supplementary Appendix 2](#S2){ref-type="supplementary-material"}.

4. Analysis
-----------

The results of the PTO valuations were converted by linear transformation into a 0 to 1 scale ranging from no disability (0) to extreme disability (1). The median was calculated as the DW for each health status. Interquartile range (IQR) was calculated for distribution of DWs measured by each panel member. The quartiles represent the values corresponding to each rank when the values are divided into 4 quarters after being collected from the lowest to the highest order. The IQR is the range between the first quartile and the third quartile. It can be expresses as follows.

The Spearman\'s rank correlation among the 3 panels was tested to check the agreement of the order of disability weighing judgment. This rank correlation coefficient is usually expressed as ρ, and the formula to calculate it is as follows.

$$\rho = 1 - \frac{6{\sum D_{i}^{2}}}{N\left( {N^{2} - 1} \right)}$$

Where D is the difference between the 2 ranks of each observation, and n is the number of observations. All statistical analyses were performed using SPSS version 21.0 (SPSS Inc., Chicago, IL, USA).

5. Ethical statements
---------------------

The study protocol was approved by the Institutional Review Board (IRB) of Mokwon University, Daejeon, Korea (IRB no. 2017AA0706).

RESULTS
=======

As shown in [Table 1](#T1){ref-type="table"}, median values of the DW for 6 health statuses including osteoporosis and wrist, vertebral, post-vertebral, post-hip, and hip fractures according to 3 panels were calculated.

The distribution of DWs varied by panel. DW ranged from 0.5 (Osteoporosis) to 0.857 (Hip fracture) for Panel 1, 0.091 (Osteoporosis) to 0.5 (Hip fracture) for Panel 2, and 0.091 (Osteoporosis) to 0.726 (Hip fracture) for Panel 3. In fact, the final values for 6 health statuses were obtained by pooling all data from the 3 panels and ranged from 0.286 (Osteoporosis) to 0.750 (Hip fracture).

Health statuses listed in order from highest to lowest DW by health status were hip fracture, post-hip fracture, vertebral fracture, wrist fracture, post-vertebral fracture, and osteoporosis for Panel 1. For Panels 2 and 3, the order was similar: hip fracture, post-hip fracture, vertebral fracture, post-vertebral fracture, wrist fracture, and osteoporosis.

As shown in [Table 2](#T2){ref-type="table"}, the Spearman\'s rank correlation among 3 panels was tested, and the result showed a significant correlation among 3 panels (ρ=0.883; *P*=0.05). This means that there was no significant change in ranking 6 health statuses among the 3 panels.

DISCUSSION
==========

This study is the first attempt to measure the DWs for osteoporosis and osteoporotic fractures in Korea. DWs were surveyed by 3 panels composed of 13 orthopedic surgeons, 10 endocrine physicians, and 10 emergency medical specialists. Although there were significant differences in the observed DWs among the panels, the calculated median values of DWs were in the following order: osteoporosis, 0.286; and wrist, 0.333; vertebral, 0.550; post-vertebral, 0.500; post-hip, 0.630; and hip, 0.750 fractures. As expected, this study indicates that that hip fractures, including post-hip fractures, most substantially affect patients with osteoporosis from the perspective of physicians caring for them.

In a 2013 GBD study which was conducted for the general population, DWs of each fracture were reported as follows: 0.111 (short term) to 0.005 (long term) for vertebral fractures, 0.035 for humerus fractures, and 0.050 (short term) to 0.055 (long term) for ankle fractures.\[[@B25][@B26]\] The 2013 GBD study showed that the DW value for most health statuses was smaller than that of a 2010 GBD study since the number of respondents from Western Europe was greater in 2013 than in 2010.\[[@B25][@B26][@B27]\] On the other hand, The Australian Burden of Disease and Injury study, which was conducted for the health care professionals assigned a DW of 0.372 to short-term cases of hip fracture.\[[@B28]\] The CHANCES is a consortium of 14 cohorts from Europe and the USA that was established in 2010 for an elderly population health study. In this study, they used the DWs proposed by the National Osteoporosis Foundation which was conducted for the experts, assigning a weight of 0.468 related to hip fracture.\[[@B29]\]

In our study, the DWs were estimated to be higher than in previous studies. We think this is because the panels who consider osteoporosis and related fractures most seriously owing to their specialty valued high. In addition, despite our effort for the thorough explanation, there is a possibility that the panels overestimate about osteoporotic fractures.

Among studies conducted in a Korean context, Do et al. \[[@B30]\] did not include osteoporosis and fractures but demonstrated DWs in low birth weight, 0.256; hepatitis B and C, 0.344; diabetes mellitus, 0.394; epilepsy, 0.433; rheumatic heart disease, 0.616; ischemic heart disease, 0.727; and stomach cancer, 0.847. Referring to this study, osteoporosis had higher DW than low birth weight and lower than hepatitis B and C, and wrist fracture had similar DW to hepatitis B and C. Hip fracture had a higher burden than rheumatic heart disease and ischemic heart disease but lower than stomach cancer.

Our study has limitations. First, the panels were made up entirely of medical professionals, as in previous studies.\[[@B11][@B16][@B21]\] Some studies did not limit respondents to medical doctors for the DW surveys, and public view was also worth adopting.\[[@B24][@B27]\] Second, the results of this study showed higher values than those of other countries. As the questionnaires in this study did not included other serious diseases such as cancer, there might be a bias to overestimate the given health statuses. Also, since the panels were composed to medical experts who mainly treat osteoporosis and fractures, their weights for these diseases might be biased. Despite these limitations, the present study was the first attempt to measure the DWs for osteoporosis and fractures in Korea. Further studies are necessary to validate our study results in the future. In addition, this study may instigate DW measurements for GBD studies in Korea.

CONCLUSIONS
===========

This study was the first to measure the DW of osteoporosis and osteoporotic fractures in Korea using a PTO approach. The findings can be used to derive the disability adjusted life years of osteoporosis and osteoporotic fractures in a Korean context. Comparing the DW of osteoporotic fracture in this study with other diseases in previous studies, it is predicted that osteoporotic fractures, especially hip fractures, will be a significant burden of disease in Korea.
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The data is presented as mean (interquartile range).
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